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@> Planar X-ray imager having a moisture-resistant sealing structure. 

(57) A radiation imager comprises a scintillator 
mated to a photodetector array. An enclosure 
ring is disposed around the outer sidewalls of 
the scintillator and an enclosure ring cover 
hermetically bonded to the ring extends across 
the scintillator to form a chamber sealably en- 
closing the scintillator. The enclosure ring 
cover is substantially impervious to moisture, is 
radiation transmissive, and minimizes scat- 
tering of light from the scintillator. The cover 
may be optically reflective or light absorptive. 
The chamber is evacuated to draw the cover in 
towards the photodetector array and thus to 
ensure close contact between the cover and the 
scintillator and between the scintillator and the 
photodetector array. Desiccant can be disposed 
in the chamber to provide additional protection 
against moisture absorption by the scintillator. 
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Field of the Invention 

This invention relates geneally to radiation imag- 
ing systems and more particularly to scintillators cou- 
pled to photodetectors for use in such systems. 

Reference is made to our copending Application 
Serial No. (RD-20,759), no .and enti- 

tled "A Solid State Radiation Imager Having a Reflec- 
tive and Protective Coating". 

Background of the Invention 

Radiation imaging systems are widely used for 
medical and industrial purposes. Imaging systems 
have been developed which detect radiation and pro- 
duce an electrical signal which in turn is used to op- 
erate a visual display device or other other equipment 
for analyses of the pattern of detected electromagnet- 
ic radiation. In such systems the radiation, which typ- 
ically comprises x-ray or gamma rays, is absorbed in 
a scintillattor material, resulting in the generation of 
photons of light. Light photons emanating from the 
scintillator are detected by photodetectors which gen- 
erate an electrical output signal that can be process- 
ed to drive the display or analysis system. 

The scintillator material may be in the form of a 
solid block or may be divided into separate elements, 
such as by dicing or cutting, or by depositing the scin- 
tillator material in such a manner that individual col- 
umns are formed. Regardless of the the structure of 
the scintillator, it is important to protect the scintillator 
material from moisture absorption. For example, ce- 
sium iodide, a common scintillator material, is a hy- 
groscopic material, that is, it exhibits a tendency to 
absorb moisture from the atmosphere around it; in so 
doing it becomes hydrolyzed with a consequent deg- 
radation in its luminescent properties. In a radiation 
detector it is also beneficial to maximize the efficien- 
cy with which the luminescence from the scintillator 
is collected by the photodiodes by ensuring that the 
majority of photons generated in the absorption event 
are directed to the photodetectors. 

Encasing scintillators within hermetically sealed 
enclosures to prevent moisture absorption has prov- 
en to be difficult due to the irregularly shaped ends 
or surfaces of the scintillator material, such as typical- 
ly result from the common evaporative deposition 
processes used in formation of scintillators. Such ir- 
regular surfaces require that any hermetically sealing 
cover be attached to a stable structure other than the 
scintillator. Typical prior art imagers, such as the de- 
vice of Derenzo disclosed in U.S. Patent No. 
4,672,207, do not suggest any sealing or reflective 
coating for the surfaces of the scintillator. 

It is thus desirable to have an imager structure 
that: protects the scintillator from moisture present in 
the ambient atmosphere; allows transmission of inci- 
dent radiation to the scintillator with a minimum of in- 



terference; does not adversely affect electrical per- 
formance of the imager; minimizes loss or scattering 
of light generated in the scintillator and has a struc- 
ture that is readily constructed and is effective and re- 
5 liable. 

Summary of the Invention 

It is accordingly an object of this invention to pro- 
10 vide a protective hermetically sealing covering for the 
scintillator of an imager, which covering will serve as 
a barrier to inhibit absorption of moisture by the scin- 
tillator from the atmosphere surrounding the scintil- 
lator. 

15 The present invention provides a radiation imag- 

ing device comprising a scintillator having a first and 
a second end surface, said first and second end sur- 
faces being opposite one another such that radiation 
incident on said device enters said scintillator through 

20 said first end surface; a photodetector array compris- 
ing a plurality of photodetector disposed on an imager 
substrate and forming an active portion of said im- 
ager array, said photodetector array being optically 
coupled to said second end surface of said scintillator 

25 to receive light therefrom; an enclosure ring disposed 
on said photodetector array around said active por- 
tion and surrounding the outer sidewalls of said scin- 
tillator; and an enclosure ring cover hermetically 
bonded to said enclosure ring and extending across 

30 and in contact with said first end surface of said scin- 
tillator, said cover being substantially impervious to 
moisture and radiation transmissive and disposed so 
as to substantially prevent scattering of light photons 
from said scintillator, said enclosure ring and said cov- 

35 er forming a chamber to sealably enclose said scin- 
tillator. 

It is another feature of this invention to provide a 
radiation imaging device of improved efficiency 
through use of a simple and reliable structure to pro- 

40 vide a protective covering that is substantially imper- 
vious to moisture, is optically reflective, and that 
seals scintillator material from moisture in the sur- 
rounding atmosphere. 

In accordance with the present invention, a radi- 

45 ation imaging device comprises a scintillator, an im- 
aging array of photodetectors which is disposed on an 
imager substrate and which is optically coupled to the 
scintillator, a scintillator enclosure ring which is dis- 
posed around the active portion of the imager array 

so and which surrounds the outer sidewalls of the scin- 
tillator, and an enclosure ring cover which is hermet- 
ically bonded to the enclosure ring and which extends 
over the surface of the scintillator through which the 
incident radiation enters. The enclosure ring and the 

55 cover form a chamber that is substantially impervious 
to moisture and which encloses the scintillator; the 
cover is radiation transmissive, and minimizes scat- 
tering of light away from the scintillator. 
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In a typical arrangement, the enclosure ring is 
bonded to the imager substrate with an epoxy or sim- 
ilar adhesive substance, which substance can also be 
used to bond the cover to the enclosure ring. The 
chamber formed by the enclosure ring and cover is 
evacuated, which draws the cover down towards the 
imager array, ensuring close contact between the the 
cover and the scintillator and the scintillator and the 
imager array. The cover is advantageously comprised 
of a thin layer of aluminum foil; the aluminum can be 
optically reflective, which will cause light scattering 
from the scintillator to be reflected back into the scin- 
tillator, or alternatively it can be light absorptive. 

Brief Description of the Drawing 

The features of the invention believed to be novel 
are set forth with particularity in the appended 
claims. The invention itself, however, both as to or- 
ganization and method of operation, together with 
further objects and advantages thereof, may best be 
understood by reference to the following description 
in conjunction with the accompanying drawing in 
which: 

The single Figure is a schematic cross sectional 
diagram of a radiation imaging device in accordance 
with this invention. 

Detailed Description of the Preferred Embodiment 

In the single Figure, a radiation imaging device 1 0 
includes a photodetector array 20 disposed on a sub- 
strate 15, a scintillator 30 disposed adjacent to the 
photodetector array, an enclosure ring 40 disposed 
on the photodetector array so as to lie outside the ac- 
tive portion of the array and to surround the scintil- 
lator, and an enclosure ring cover 50 bonded to the 
enclosure ring and extending over scintillator 30. The 
photodetector array is coupled to a processing circuit 
80, which processes the electrical signals for use in 
display and analysis equipment 90. 

Photodetector array 20 comprises a plurality of 
photodetectors 22 arranged and electrically connect- 
ed in a pattern, typically rows and columns. The pho- 
todetectors are disposed on imager substrate 15 to 
form an array that can be of any size and shape ap- 
propriate for the use of imaging device 10, such as for 
medical analyses of particular portions of the body. 
The photodetectors are advantageously photodiodes, 
and alternatively may comprise other known solid 
state photodetector devices. A connector 24 carries 
the electrical signals generated in the photodetectors 
to processing circuit 80. 

Scintillator 30 is positioned adjacent to, and is 
optically coupled to, photodetector array 20. A used 
herein, "optically coupled to photodetector array 20" 
refers to arranging the two arrays so that light pho- 
tons from the scintillator readily pass into photodetec- 



tors; the optical coupling may include a separate layer 
(not shown) of a material, such as an optical index 
matching substance, which aids in the efficient trans- 
fer of the photons from the scintillator to the photode- 

5 tectors. As illustrated in the Figure, scintillator 30 
comprises a substantially homogeneous block of 
scintillator material; alternatively, scintillator 30 may 
comprise a plurality of separate scintillator elements 
(not shown) diced, or cut, from a larger block of scin- 

10 tillator material or which may be separately grown or 
deposited in columnar structures using a known 
method such as vapor deposition or sputtering. Scin- 
tillator 30 may be grown or deposited directly onto 
photodetector array 20, or alternatively, may be de- 
ls posited on a separate substrate, such as cover 50, 
and then aligned with and otpically to coupled to pho- 
todetector array 20. The scintillator comprises a first 
end surface 34 through which incident x-ray or gam- 
ma radiation 70 enters the scintillator, and a second 

20 end surface 36, which is opposite to the first end or 
surface, through which the light photons pass to the 
adjoining photodetector array 20. Scintillator 30 fur- 
ther has outer sidewalls 38 extending between first 
end surface 34 and second end surface 36 around 

25 the outer edges of the scintillator. Cesium iodide Is 
the material that is typically used to form scintillator 
30, but the scintillator can alternatively comprise 
other known scintillating materials. 

In accordance with the present invention enclo- 

30 sure ring 40 is disposed around the active portion of 
photodetector array 20 so as to surround scintillator 
outer sidewalls 38. As used herein, the "active portion 
of photodetector array 20" refers to that part of the ar- 
ray where the surfaces of the photodetectors that re- 

35 ceive the light generated by the scintillators are situ- 
ated; thus the enclosure ring may be attached to any 
suitable support structure around the photodetector 
array, such as contact fingers 26 or imager substrate 
15, that is ourtside the area of the active portion of 

40 the array. Enclosure ring 40 is shaped to substantially 
surround or enclosure the active portion of the array, 
and it is wide enough to provide the necessary struc- 
tural strength to support the enclosure ring cover as 
described below. The height of enclosure ring cover 

45 40 is sufficient to allow enclosure ring cover 50 to be 
suspended over, and preferably in contact with, scin- 
tillator first surface 34. For example, in a device which 
has a imager array with approximate boundary di- 
mensions of 20 x 20 cm, the distance between the 

so scintillator and the contact fingers of the imager array 
is sufficient to leave a gap between the enclosure ring 
and the scintillator while enclosure ring 40 advanta- 
geously has a width of about 2 mm and a height above 
the scintillator of about 0.4 mm. 

55 Enclosure ring 40 advantageously comprises a 

material that has a coefficient of thermal expansion 
that is substantially the same as the thermal coeffi- 
cient of expansion of imager substrate 1 5. The enclo- 
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sure ring can thus be made of the same material from 
which the imager substrate is made, such as Corning 
7059 glass, or from some compatible material, such 
as kovar. 

Enclosure ring 40 is advantageously bonded to 5 
the imager array with a moisture resistant adhesive 
42 such as epoxy; alternatively other known adhe- 
sives such as acrylics or polyimides can be used. To 
avoid electrical short circuits when a ring material of 
a metal, such as kovar, is used, the bonding material 10 
may be mixed with insulating beads having a diame- 
ter of approximately 10 microns which insulatively 
support the enclosure ring above photodetector array 
20; alternatively, a polymer sheet with an adhesive on 
both sides can be used to bond the ring around the is 
active portion of imager array 20. 

Enclosure ring cover 50 is hermetically bonded to 
enclosure ring 40 and extends across scintillator first 
surface 34. Cover 50 is substantially impervious to 
moisture and is radiation transmissive. As used here- 20 
in, "impervious to moisture" means that the cover 
forms a seal which prevents moisture in liquid or va- 
por form from passing through the cover; "radiation 
transmissive" refers to radiation of the type to be de- 
tected by the device and signifies that this radiation 25 
typically does not strongly interact with the material 
comprising the cover, thus allowing a maximum 
amount of the incident radiation to enter the scintilla- 
tor without absorption or scattering. 

Cover 50, when extended over scintillator 30 and 30 
bonded by adhesive 42 to enclosure ring 40, forms a 
chamber 55 which sealably contains the scintillator 
within that volume; this sealed volume minimizes ab- 
sorption of moisture by the scintillator from the at- 
mosphere around the device. Cover 50 advanta- 35 
geously contacts or lies adjacent to first surface 34 of 
scintillator 30. "Contact" is used herein to mean in 
close proximity to the scintillator first surface 34, 
which may be uneven or irregularly shaped due to the 
deposition processes as described above, with por- 40 
tions of cover 50 touching scintillator first surface 34 
but with substantially all of cover 50 being within 
about 10 urn of first surface 34; alternatively, scintil- 
lator 30 may be deposited directly onto cover 50. 

Cover 50, while passing incident radiation, mini- 45 
mizes scattering of light away from the scintillator, 
that is, it substantially prevents light generated in the 
scintillator from exiting device 10 through scintillator 
first surface 34, and it also reduces the scattering of 
light between different areas of the scintillator. Cover 50 
50 preferably comprises an optically reflective mate- 
rial, such as aluminum. Aluminum reflects visible light 
emerging from the scintillator back into the scintilla- 
tor, thus improving the likelihood that light photons 
generated by the absorption of incident radiation in 55 
the scintillator will be detected by imaging array 20. 
Cover 50 also reflects light originating from outside of 
device 10. Alternatively, cover 50 may comprise a 



light absorptive material, such as black anodized alu- 
minum or the like. Alight absorptive cover would sim- 
ilarly prevent light from entering the scintillator from 
outside of the scintillator, and would substantially pre- 
vent light from scattering off of cover 50 into a portion 
or element of the scintillator from which it did not orig- 
inate (such scattering would degrade the spatial re- 
solution of the device 10). 

The thickness of cover 50 is selected to provide 
sufficient mechanical strength so that is does not tear 
when extended over enclosure ring 40, but still has 
sufficient flexibility to be pulled or drawn into contact 
with scintillator first surface 34. The aluminum foil or 
sheeting comprising cover 50 typically has a thick- 
ness of about 1 mil. 

A chamber 55 is formed by enclosure ring 40 and 
cover 50 and is advantageously evacuated to reduce 
pressure in the chamber to below the pressure out- 
side the chamber. Evacuating the chamber tends to 
draw cover 50 inwardly as the higher ambient pres- 
sure outside of chamber 55 pushes cover 50 towards 
scintillator first surface 34. 

A desiccant 60, such as a silica gel, may also ad- 
vantageously be disposed in chamber 55 around scin- 
tillator 30 to provide further moisture protection for 
the scintillator. Desiccant 60 is typically in the form of 
a powder, with particles having diameters of about 
100 [im. 

In operation, device 10 is positioned to be in the 
path of incident radiation 70 that is of interest. The ra- 
diation, which may be x-rays, gamma rays, or other 
radiation detectable via the use of scintillators and 
photodetectors, passes through cover 50 into scintil- 
lator 30. When the radiation is absorbed in the scin- 
tillator, light photons are given off in more or less ran- 
dom directions. Light photons that emanate toward 
the first surface 34 of scintillator 30, or that are re- 
flected in that direction after striking the walls of scin- 
tillator, are prevented from scattering away from the 
device by cover 50; the light photons are either re- 
flected back into the scintillator by optically reflective 
cover 50, or alternatively, it the cover comprises a 
light absorptive material, the light photons are absor- 
bed. Light striking the active portion of the photode- 
tector array causes the photodetectors to generate 
an electrical signal corresponding to the intensity of 
the incident radiation, which signal is processed by 
processing circuit 80. Display and analysis equipment 
90 are responsive to signals generated by processing 
circuit 80. 

While only certain features of the invention have 
been illustrated and described herein, many modifica- 
tions and changes will occurto those skilled in the art. 
It is, therefore, to be understood that the appended 
claims are intended to cover all such modifications 
and changes as fall within the true spirit of the inven- 
tion. 
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Claims 

1. A radiation imaging device comprising: 

a scintillator having a first and a second 
end surface, said first and second end surfaces 
being opposite one another such that radiation 
incident on said device enters said scintillator 
through said first end surface; 

a photodetector array comprising a plural- 
ity of photodetectors disposed on an imager sub- 
strate and forming an active portion of said im- 
ager array, said photodetector array being opti- 
cally coupled to said second end surface of said 
scintillator to receive light therefrom; 

an enclosure ring disposed on said photo- 
detector array around said active portion and 
surrounding the outer sidewails of said scintilla- 
tor; and 

an enclosure ring cover hermetically 
bonded to said enclosure ring and extending 
across and in contact with said first end surface 
of said scintillator, said cover being substantially 
impervious to moisture and radiation transmis- 
sive and disposed so as to substantially prevent 
scattering of light photons from said scintillator, 
said enclosure ring and said cover forming a 
chamber to sealably enclose said scintillator. 

2. The device of claim 1 wherein said enclosure ring 
cover comprises an optically reflective material. 

3. The device of claim 2 wherein said optically re- 
flective enclosure ring comprises aluminum. 



10. The device of claim 9 wherein said chamber en- 
closed by said enclosure ring and hermetically 
bonded cover is evacuated. 

5 11. The device of claim 1 further including desiccant 
disposed within said chamber. 

1 2. The device of claim 7 wherein said enclosure ring 
and said imager substrate are comprised of the 

10 same material. 

13. The device of any preceding claim wherein said 
scintillator comprises cesium iodide. 

15 14. The device of any preceding claim wherein said 
scintillator is disposed on said photodetector ar- 
ray. 

15. The device of any preceding claim wherein said 
20 scintillator is disposed on said enclosre ring cov- 
er. 

16. The device of any preceding claim including a 
processing circuit, said processing circuit being 

25 coupled to receive signals generated by said pho- 

todetector array; and 

display and analysis equipment said 
equipment being coupled, and responsive to, 
said processing unit. 

30 



4. The device of claim 1 wherein said enclosure ring 35 
cover comprises a light absorptive material. 

5. The device of claim 4 wherein said light absorp- 
tive enclosure ring cover comprises anodized alu- 
minum. 40 

6. The device of any preceding claim wherein the 
thickness of said enclosure ring cover is about 1 
mil. 

45 

7. The device of any preceding claim wherein said 
enclosure ring has a coefficient of thermal ex- 
pansion substantially the same as the coefficient 
of thermal expansion of said imager substrate. 

so 

8. The device of claim 7 wherein said enclosure ring 
comprises kovar. 

9. The device of any preceding claim wherein said 
enclosure ring and said cover are hermetically 55 
bonded together with a material selected from 

the group consisting of epoxies, acrylics, and 
polyimides. 
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